UNIVERSITY OF NEW ENGLAND 


University of NAME: 
New England : 
STUDENT NUMBER: 


UNIT CODE: BCHM310 

PAPER TITLE: Proteins — Machines of Life 

PAPER NUMBER: First and Only 

DATE: Tuesday 11 June 2019 TIME: 9:15 am to 11.30 am 
TIME ALLOWED: ‘2 hours and 15 minutes 

NUMBER OF PAGES IN PAPER: _ FIVE (5) 

NUMBER OF QUESTIONS ON PAPER: _~_ EIGHT (8) 

NUMBER OF QUESTIONS TO BE ANSWERED: FOUR (4) 


STATIONERY Ee 6 PAGE ANSWER BOOKS ) 0 GENERAL PURPOSE ANSWER SHEET 
PER 
CANDIDATE: | 0 GRAPH PAPER SHEETS | 0 GEOLOGY SAMPLES 


OTHER AIDS REQUIRED: NONE 
CALCULATORS: PERMITTED (APPROVED MODELS ONLY) 
TEXTBOOKS OR NOTES: NOT PERMITTED 


INSTRUCTIONS FOR CANDIDATES: 


e Candidates MAY NOT start writing until instructed to do so by the supervisor 

e Please pay attention to the announcements and read all instructions carefully before 
commencing the paper 

Candidates MUST write their name and student number on the top of this page 
Answer FOUR out of EIGHT questions 

All questions are of equal value 

You must pass this examination to pass BCHM310 

This examination paper MUST BE HANDED IN along with all supplied stationery. 
Failure to do so may result in the cancellation of all marks for this examination 


REMEMBER TO WRITE YOUR NAME AND STUDENT NUMBER AT THE TOP OF THIS PAGE 


THE UNIVERSITY CONSIDERS IMPROPER CONDUCT IN EXAMINATIONS TO BE A SERIOUS OFFENCE. 
PENALTIES FOR CHEATING ARE EXCLUSION FROM THE UNIVERSITY FOR ONE YEAR AND/OR CANCELLATION 
OF ANY CREDIT RECEIVED IN THE EXAMINATION FOR THAT UNIT. 


BCHM310 Trimester 1 2019 


ANSWER FOUR (4) OUT OF EIGHT (8) QUESTIONS 
ALL QUESTIONS ARE OF EQUAL VALUE 


QUESTION 1 


Write an essay on the BLASTP search tool. In your answer you should summarise clearly 
what the program does, then explain how the program works and why it is so efficient. 


Discuss the importance of BLASTP for the study of proteins and provide examples of 


different contexts in which the tool is used. [20 Marks] 
QUESTION 2 
a) Explain what is meant by the native structure of a protein. [2 Marks] 


b) The native structure of most proteins is only marginally stable. Explain what this means 

by describing the major factors contributing to the folded and unfolded states of a protein. 
[6 Marks] 

c) Choose THREE amino acids from different structural groups and describe the 
contribution of each to the native structure of proteins. [6 Marks] 

d) Discuss with a relevant example the practical significance of the marginal stability of 
protein native structure. [4 Marks] 

e) Choose ONE of the following terms relating a protein structure: MOTIF, DOMAIN, 
SUBUNIT. For your chosen term provide an accurate definition and an example. 

[2 Marks] 

QUESTION 3 

Protein turnover plays a key role in signal transduction. 

a) Explain the role of each of the following in protein turnover: ubiquitin, ubiquitin 
activating enzyme E1, ubiquitin-conjugating enzyme E2, ubiquitin ligase E3 and the 26S 
proteasome. [15 marks] 

b) Use a specific example to illustrate the importance of protein turnover in signalling. 

[5 marks] 

QUESTION 4 

Many proteins are modified after translation. Briefly describe FOUR examples of post- 

translational modification, including information on the type of modification, where and how 


this occurs as well as the importance of the modification for protein function. [5 marks each] 
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QUESTION 5 


The phylogenetic tree below shows the relationships between small inhibitor proteins from 


sorghum, maize and wheat. It is rooted with a related protein from a moss. 


c) 


d) 


e) 


g) 
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This tree was constructed using the following programs: MUSCLE, Distance matrix, 


Neighbour joining; explain the key features of each stage of this process. [6 Marks] 


Explain why this method was chosen for tree construction rather than the maximum 


parsimony method? [2 marks] 


Systematically describe the tree structure ensuring you mention the relationships between 
the un-characterized sorghum sequences and the only two experimentally characterised 
proteins, ZM_INVINHI (an invertase inhibitor from maize) and TaPMEI (a pectin 
methylesterase inhibitor from wheat). [4 Marks] 


Use the tree to develop a hypothesis for the function of ONE sorghum sequence (of your 


choice), explaining your reasoning. [4 Marks] 


Outline an experiment that could be carried out to test your hypothesis [4 Marks] 
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QUESTION 6 


a) Write an equation for the reaction catalysed by the digestive enzyme chymotrypsin, and 
use it to explain which of the six major groups of enzymes (oxidoreductases, transferases, 
hydrolases, lyases, isomerases and ligases) this enzyme belongs to. [4 marks] 


The figure below shows the active site /substrate-binding site of chymotrypsin. Study this 
diagram and then briefly explain the role played by each of the following in determining 
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Figure 6-22 part 1 
Lehninger Principles of Biochemistry, Sixth Edition 
© 2013 W. H. Freeman and Company 


b) The hydrophobic pocket [2 marks] 
c) Serine 195 [2 marks] 
d) Histidine 57 [2 marks] 
e) Aspartate 102 [2 marks] 
f) Glycine 193 [2 marks] 
g) Use the information from parts b-f above to identify and describe two types of catalytic 

strategy used by this enzyme [6 marks] 
QUESTION 7 


Write an essay on transcriptional regulators. Provide a general introduction to transcriptional 
regulators, their role, importance and properties. Choose a specific example of a transcriptional 
regulator and outline its position in a signal transduction pathway. Describe in detail the 
structural motifs of your chosen protein, explaining their specific roles in signalling. 


[20 marks] 
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QUESTION 8 
Pyruvate decarboxylase catalyses the first step in ethanol fermentation of pyruvate. 
0 OF co NADH + H* 
SW , ‘ 
Cc TPP, NAD* OH 
2+ O H 
| Mg V7 | 
c=0 = C — CH 
| pyruvate alcohol | 
CH3 decarboxylase CH3 dehydrogenase CH3 
Pyruvate Acetaldehyde Ethanol 


The following is a list of some of the properties of pyruvate decarboxylase from baker’s 


yeast. This is a cytosolic enzyme. 


Quaternary structure homotetramer 

Mass of one chain 60 kDa 

Isoelectric point pH 6.1 

Cofactors Thiamine pyrophosphate, Mg**, FAD 
Ammonium sulfate Soluble 30% saturation, 

solubility insoluble 45% saturation 


a) Use this information to design and describe extraction and a 3-step partial purification 
procedure for this enzyme, starting with a yeast culture. For each step, you need to 
explain its rationale in relation to the protein properties given above. You have access to 
liquid nitrogen, mortar and pestle, centrifuge, ammonium sulfate, buffers of varying pH, 
ultrafiltration membranes in the following sizes: 10 K, 30K, 100K, and cation and anion 
exchange spin columns. [15 marks] 

b) Explain how you would assay the activity of your enzyme. What ingredients would you 
need to include in your assay cuvette, what would you measure and what information 


would this provide? [5 marks] 


Please remember - This examination question paper MUST BE HANDED IN. Failure to do 
so may result in the cancellation of all marks for this examination. 
Writing your name and number on the front will help us confirm that your paper has been 
returned. 


